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FILMILESS DENTAL RADIOGRAPHY 
SYSTEM USING UNIVERSAL SERIAL BUS 

PORT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a filmleSS dental radiography 
System, and more particularly to a filmleSS dental radiogra 
phy System that includes an intraoral radiation Sensor that 
interfaces with the Universal Serial Bus (USB) port of a 
desktop, tower or portable (Such as laptop or notebook) 
computer. 

2. Description of the Related Art 
Dentists and oral Surgeons typically use X-radiation ("X- 

rays”) to obtain images of their patients teeth, mouths and 
gums to aid in diagnosis and treatment. In traditional oral 
and dental radiography, a cartridge containing a piece of 
photographic film is placed in the patient's mouth, for 
example behind a patient's tooth, and an X-ray beam is 
projected through the tooth and onto the film. The film, after 
being exposed in this manner, is developed in a dark room 
or a closed processor using Special chemicals to obtain a 
photographic image of the tooth. 
More recently, the field of filmless dental radiography has 

emerged. In filmleSS dental radiography, an X-ray beam is 
Still projected through the patient's tooth, but no photo 
graphic film is used. Instead, an electronic Sensor is placed 
in the patient's mouth behind the tooth to be examined. The 
electronic Sensor may include a charge-coupled device 
(CCD), an active pixel sensor (APS) array or any other 
filmleSS radiation Sensor. The X-rays pass through the tooth 
and impinge on the electronic Sensor, which converts the 
X-rays into an electrical Signal. The electrical Signal is 
transmitted over a wire to a computer, either directly or 
though a module containing intermediate processing cir 
cuitry. The computer then processes the Signal to produce an 
image on an associated output device, Such as a monitor or 
a printer. 

FilmleSS dental radiography offerS Several advantages 
over traditional film-based radiography. Most importantly, 
the electronic Sensor is much more Sensitive to X-rays than 
is film, allowing the dosage of X-rays to the patient to be 
lowered by as much as 90%. Also, the image of the tooth is 
generated by the computer almost instantaneously, thus 
eliminating the entire developing process, including the use 
of potentially harmful chemicals. In addition, because the 
images are generated electronically, they can be Stored 
electronically in a computer database. 

Examples of filmleSS dental radiography Systems include 
those described in U.S. Pat. No. 4,160,997 to Robert 
Schwartz and U.S. Pat. No. 5,434,418 to David Schick. 
FilmleSS dental radiography Systems typically utilize a stan 
dard desktop computer, such as an IBM or IBM compatible 
type personal computer. To provide a data path between the 
electronic Sensor (or the intermediate module) and the 
computer's CPU, Some conventional Systems use the com 
puter's Peripheral Component Interconnect (PCI) bus. The 
PCI bus, a internal 32-bit local bus that runs at 33 MHz and 
carries data at up to 133 megabytes per Second (MBps). 
Other conventional filmleSS dental radiography Systems use 
the computer's Industry Standard Architecture (ISA) bus, an 
8- or 16-bit internal bus that carries data at up to 8.33 MBps. 
Each of these buses may act as a Suitable interface between 
the Sensor and computer. 

While generally good for their intended applications, 
systems that use the computer's PCI or ISAbus have certain 
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2 
drawbacks. Most notably, the PCI and ISA buses are 
internal, and require that a specially designed circuit board 
be installed inside of the computer. The need for such a 
board increases the cost and reduces the reliability of the 
overall System. 

Moreover, installing Such a board is a time-consuming 
task that may only be performed by Someone trained in the 
installation of computer peripherals. In particular, the instal 
lation requires the physical opening of the computer's 
housing, the clearing of any casing or wiring that may be in 
the way of the slot, the insertion of the card into the slot and 
the re-assembly of the housing once the insertion is com 
plete. These are not tasks that are easily performed by the 
typical user of a filmleSS dental radiography System, Such as 
a dentist, endodontist or oral Surgeon. 

In addition, many practitioners use a single Sensor in 
conjunction with Several computers, Such as having a sepa 
rate computer associated with each patient chair in the 
practitioners office. For Such a Scenario to be practical, a 
Separate board must be installed into each of the computers, 
further increasing the cost of the overall System. 

Moreover, the number of PCI and ISA slots available in 
a desktop or tower computer is limited. Installing a circuit 
board in a given slot to Support a filmleSS dental radiography 
System precludes the use of that slot for Some other type of 
peripheral device. Once all slots for a given bus are used, no 
more peripherals can be interfaced through that bus, unless 
one of the installed boards is removed and replaced with the 
board for the new peripheral. Such removal and replacement 
is not Something that can be conveniently done on a regular 
basis. 

Further Still, portable computers, Such as laptops and 
notebooks, generally are not provided with PCI or ISA slots. 
Accordingly, a conventional filmleSS dental radiography 
System cannot be used with Such portable computers. 

Very recently, desktop, tower and portable computers are 
being made available with a Universal Serial Bus (USB) 
port. The USB is a serial 12 megabit per second (Mbps) 
channel that can be used for peripherals. The USB is a 
token-based bus. In particular, the USB host controller 
broadcasts tokens on the bus and a device that detects a 
match on the address in the token responds by either 
accepting or Sending data to the host. The host also manages 
USB bus power by Supporting Suspend/resume operations. 

Unlike the PCI and ISA buses, the USB port does not 
require the use of a specially designed circuit board inside 
the computer. Accordingly, once the appropriate Software 
has been installed, a peripheral Simply need be plugged into 
the USB port to be ready for operation. In addition, one 
device can be unplugged and another plugged in without 
changing the hardware configuration of the computer. 

Also, the USB port is “hot swappable,” meaning that a 
first peripheral may be unplugged and a Second peripheral 
plugged in without turning off and restarting the computer. 
In addition, the USB uses tiered Star topology, allowing up 
to 127 different peripherals on the bus at a time. Further still, 
not only desktop and tower computerS have USB ports, 
laptop and notebook computers are provided with USB ports 
as well. 
While the USB port has received a great deal of attention 

from those designing computer peripherals as of late, no one 
has heretofore thought to use it as an interface for a filmleSS 
dental radiograph system. This is primarily because the USB 
is much slower than the PCI or ISAbuses. More particularly, 
the theoretical maximum bandwidth of the USB is 12 Mbps 
(1.5 MBps), several times slower than the 8.33 MBps ISA 
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bus and orders of magnitude slower than the 133 MBps PCI 
bus. And because many peripherals might be connected to 
the USB, no single peripheral can expect to realize the full 
range of the 1.5 MBps maximum theoretical bandwidth of 
the USB, making the practical bandwidth of the USB 
Substantially less. 

Accordingly, the USB is not believed to be fast enough to 
Support the data flow requirements of a Scientific Sensor, 
Such as a filmleSS dental radiography Sensor. For example, in 
a conventional filmleSS dental radiography System analog 
data might be read-out of the Sensor at a rate on the order of 
4 million pixels per Second (Mpps), converted on a real-time 
basis to digital data by an analog-to-digital converter (ADC) 
in an intermediate module and provided on a real-time basis 
to the computer's PCI or ISA bus. If a 16-bit (2 byte) ADC 
is used, an interface that can carry data at 8 MBpS is required 
for Such data transfer. This is Several times greater than even 
the 1.5 MBps theoretical maximum bandwidth of the USB. 
Even a System which reads-out data at rate of 1 MppS and 
uses a 12-bit (1.5 byte) ADC requires 1.5 MBps of 
bandwidth, the theoretical maximum bandwidth of the USB, 
and would strain or exceed the capabilities of the USB. 
Some computer peripherals, Such as digital cameras, have 

relatively low image quality requirements, and contend with 
the relatively smaller of the USB by simply reading-out data 
more slowly. This approach, however, is not Suitable for a 
Scientific Sensor Such a filmleSS dental radiography System, 
in which the quality of the image is paramount. In particular, 
a slower read-out rate results in a greater accumulation of 
dark signal (i.e. that part of the image data created by 
thermally generated electron-hole pairs) in the Sensor, which 
results in turn in greater image degradation. Such results, 
while perhaps acceptable for a digital camera, are com 
pletely unacceptable for a Scientific Sensor Such as a filmleSS 
dental radiography System, which must produce images of 
clarity Sufficient to facilitate the diagnosis and treatment 
cavities, dental roots and the like. 

There is a need, therefore, for a filmleSS dental radiogra 
phy System that Solves the inherent problems associated with 
the PCI and ISAbuses by exploiting the advantages of using 
the USB port, while at the same time overcoming the 
obstacles that have heretofore prevented the USB port from 
being used for Scientific Sensors. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a filmless 
dental radiography Sensor that does not exhibit the disad 
vantages of using the PCI or ISA buses that are discussed 
above. 

Another object of the present invention is to provide a 
filmleSS dental radiography System that uses the computer's 
USB port as the interface between the sensor and the 
computer. 

In accordance with one aspect of the present invention, a 
filmleSS dental radiography System is provided which 
includes an intraoral Sensor that outputs image data and a 
computer having a universal Serial bus port that receives 
data. The image data output by Said intraoral Sensor are input 
to the computer through the universal Serial bus port. 

In accordance with another aspect of the present 
invention, a filmleSS dental radiography System is provided 
which includes an intraoral Sensor that outputs image data, 
a computer having a universal Serial bus port that receives 
data and a universal Serial bus cable between the intraoral 
Sensor and the computer with the universal Serial bus cable 
including a universal Serial bus plug that couples with the 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
universal Serial bus port. The image data output by the 
intraoral Sensor are input to the computer over the cable and 
through the universal Serial bus port. 

In accordance with another aspect of the present 
invention, an intermediate circuit is interposed between the 
Sensor and the computer which includes a processing circuit 
that controls the reading-out of image data from the intraoral 
oral Sensor and a memory circuit in which the image data 
read-out of the intraoral Sensor are Stored. 

In accordance with yet another aspect of the present 
invention, the processing circuit retrieves the image data 
Stored in the memory, processes the image data and output 
the image data to the computer through the universal Serial 
buS port, at a rate slower than the rate at which the image 
data were read-out from the intraoral Sensor. 

In accordance with yet another aspect of the present 
invention, the processing circuit is a Specially programmed 
reduced instruction Set computer. 

In accordance with yet another aspect of the present 
invention, the intraoral Sensor includes a charge coupled 
device. 

In accordance with yet another aspect of the present 
invention, the intraoral Sensor includes an active pixel 
Sensor array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block level illustration of one embodiment of 
the filmleSS dental radiography System of the present inven 
tion. 

FIG. 2 is a cross-sectional illustration of the USB cable 
used in the filmleSS dental radiography System of the present 
invention. 

FIG. 3 is a functional block diagram of one embodiment 
of the remote board of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An embodiment of a filmleSS dental radiography System 
according to the present invention is depicted in FIG. 1. AS 
can be seen, the System includes an electronic Sensor 1, 
including a connector 1a, a remote board 2 and a computer 
4, with the remote board 2 and the computer 4 being 
connected through the computer's USB port 4a. The elec 
tronic Sensor 1 may comprise a CCD, an APS array or Some 
other Solid State device capable of converting electromag 
netic radiation into electrical Signals. The electronic Sensor 
1 might also comprise on top of the CCD, APS array or other 
Solid State device a Scintillator layer which converts X-rays 
into visible light. 
The computer 4 may be any conventional desktop, tower, 

laptop or notebook computer that is equipped with a USB 
port 4a and a corresponding USB channel. In addition to the 
USB port 4a, the computer 4 is equipped with various 
known software modules that support the USB channel, 
Such as USB host controller Software, and a known USB 
hardware interface. 
The computer 4 is either connected to or has built in one 

or more input devices, Such as a keyboard 5 and a mouse 6, 
and one or more output devices, Such as a monitor 7 and a 
printer 8. These devices allow the user to control the 
operation of the System, and to view the dental images that 
the System creates. The computer might also include or be 
connected to Some type of Storage device (not shown), Such 
as a hard drive, for permanent Storage of the images in 
patient files. 
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Image data flows from the electronic sensor 1 to the USB 
port 4a through the remote board 2. The remote board 2 and 
USB port 4a are physically connected through a Standard 
USB cable 3 which includes a USB plug. 3a that couples 
with the USB port 4a. The USB cable 3, illustrated sche 
matically in FIG. 2, is a four-wire bi-directional cable that 
includes a power line V, a data plus line D+, a data minus 
line D- and a ground line GND. This cable carries serial 
image data from the remote board 2 to the USB port3a, and 
also carries serial control instructions from the USB port 3a 
to the remote board 2, Such as for example tokens broad 
casted by the USB host controller software. 
One preferred embodiment of the remote board 2 present 

invention is depicted in FIG. 3. In this preferred 
embodiment, the remote board 2 includes all of the proceSS 
ing circuitry necessary to, among other things, effect X-ray 
Signal integration by the electronic Sensor 1; read-out analog 
data from the electronic Sensor 1 at the high rate required for 
a Scientific Sensor; convert the analog data to digital data; 
Store that digital data, process that data into a form Suitable 
for transmission over the USB channel; and transmit the 
processed data to the computer 4 via the USB port 4a at a 
rate slow enough for the USB channel to support. The 
remote board 2 also includes a power Supply module that 
couples with the V and GND lines of the USB to receive 
power and provide the appropriate Voltages to the electronic 
Sensor 1 and the other components on the remote board 2. 

The core of the remote board 2 in this preferred embodi 
ment is a reduced instruction set computer (RISC) chip 31. 
An example of an appropriate RISC chip is the SL11-R-USB 
Controller (manufactured by ScanLogic Corporation, 4 Pre 
ston Court, Bedford, Mass. 01730, http:// 
:www.scanlogic.com), a 48 Mhz, 16-bit RISC with a built-in 
3Kx16 BIOS Mask ROM, a 1.5 Kx 16 internal SRAM, a 2 
Mbyte SRAM/DRAM memory interface port, a 12 Mbps 
(1.5 MBps) USB port, an 8- or 16-bit direct memory access 
(DMA) or input/output (I/O) port, a serial EEPROM 
(SEEPROM) interface and four high-speed pulse width 
modulation or programmable output channels. The full 
description of the SL11-R-USB RISC can be found in the 
“SL11R/SL16/SL11P2USB/SLO8/SLEPP2USB Hardware 
Specification,” published by Scanlogic Corporation. Under 
the control of firmware specific to the type of electronic 
sensor that the system incorporates, the RISC chip 31 
receives signals from and interfaces with the USB host 
controller Software, and produces signals that control all 
aspects of the electronic Sensor's operation, including data 
read-out and X-ray Signal integration. 

The remote board 2 includes two memory blocks-a 
random access memory DRAM 38 for storing the image 
data read-out of the Sensor and a read-only memory 
SEEPROM 39 for storing system initialization programs, 
test programs, USB Support programs and configuration 
data. DRAM38 may be accessed by the RISC chip 31 either 
via Software or via DMA. 
A complex programmable logic device (CPLD) 32 

decodes signals from RISC chip 31 to provide specific 
control Signals to electronic Sensor 1 and to other compo 
nents on the remote board 2. More particularly, CPLD 32 
generates digital Signals that are provided to a digital-to 
analog converter (DAC) 34, which DAC 34 in turn converts 
those digital Signals into analog Voltages Suitable for effect 
ing X-ray Signal integration by and read-out of electronic 
Sensor 1. These analog Voltages are provided to electronic 
Sensor 1 via a buffer 35. 

The analog data read-out of electronic Sensor 1 are 
provided to an input filter 36 (which may be, for example, 
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6 
a fourth-order Bessell low-pass filter), and from there to 
analog-to-digital converter (ADC) 37. ADC 37, under the 
control of CPLD 32, converts the analog data retrieved from 
electronic Sensor 1 into digital data that can be processed by 
RISC chip 31. 
To ensure that the data corresponding to a captured image 

is retrieved before a unacceptable amount of dark Signal can 
accumulate, the reading-out of the Sensor is performed at a 
relatively high rate, Such as for example rates on the order 
of 1 MppS or more. These read-out rates, in conjunction with 
an ADC of 16-, 12- or even 8-bits, however, result in data 
transfer rates that are either close to or exceed the theoretical 
1.5 MBps maximum bandwidth of the USB, and are there 
fore too fast for the USB to support. Accordingly, the data 
retrieved from electronic Sensor 1 are Stored temporarily in 
DRAM 38. After being stored in DRAM 38, the data are 
read-out by RISC chip 31 and assembled into a USB 
compatible format. The RISC chip 31 might also be pro 
grammed to perform other required or desirable processing 
operations as well, Such as for example dark signal Subtrac 
tion. 
The assembled and processed data are then transmitted 

under the control of RISC chip 31 to the USB port 4a of the 
computer 4. Due to the bandwidth constraints of the USB, 
this transmission occurs at a rate slower than the rate at 
which the image data were read-out of electronic Sensor 1, 
and which the USB can comfortably support. For example, 
if the filmleSS dental radiography System is the only periph 
eral connected to the USB port 4a, the transfer will take 
place at rates on the order of 750 kilobytes per second 
(KBps). If on the other hand several peripherals are con 
nected to the USB port 4a, such as via a hub, the data 
transfer will take place at rates slower than that. In any 
event, the rate of transfer of the data over to the USB port 
4a will have no effect on the quality of the image, since the 
data is being not being read-out of the Sensor at the slower 
rate, but rather out of the DRAM 38. 
The unique approach of the present invention allows data 

to be read-out of the electronic Sensor 1 at a fast rate to 
prevent the accumulation of an unacceptably high amount of 
dark Signal, while at the Same time exploiting the advantages 
of the computer's USB without exceeding or Straining its 
bandwidth limitations. 

It is to be understood that the above description and 
drawings are illustrative of the present invention and detail 
contained therein are not to be construed as limitations 
thereon. Changes in components, procedure and structure 
may be made without departing from the Scope of the 
present invention as defined in the following claims. 
What we claim is: 
1. A filmleSS dental radiography System comprising: 
an intraoral Sensor that outputs dental image data; 
an intermediate circuit that reads-out the dental image 

data from Said intraoral Sensor at a first rate and outputs 
the dental image data at a Second rate slower than the 
first rate; and 

a computer having a universal Serial bus port that receives 
data, 

wherein the dental image data output by Said intermediate 
circuit are input to Said computer through the universal 
Serial bus port. 

2. A filmleSS dental radiography System according claim 
1, wherein Said intermediate circuit includes a processing 
circuit that controls the reading-out of dental image data 
from Said intraoral oral Sensor. 

3. A filmleSS dental radiography Sensor according to claim 
2, wherein Said intermediate circuit further includes a 
memory circuit. 
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4. A filmleSS dental radiography Sensor according to claim 
3, wherein the processing circuit Stores the dental image data 
read-out from Said intraoral Sensor in the memory circuit. 

5. A filmleSS dental radiography System according to 
claim 4, wherein the processing circuit is Specially pro 
grammed reduced instruction Set computer. 

6. A filmleSS dental radiography System according to 
claim 5, wherein Said intraoral Sensor comprises a charge 
coupled device. 

7. A filmleSS dental radiography System according to 
claim 5, wherein Said intraoral Sensor comprises an active 
pixel Sensor array. 

8. A filmleSS dental radiography System comprising: 
an intraoral Sensor that outputs dental image data; 
an intermediate circuit that reads-out the dental image 

data from Said Sensor at a first rate and outputs the 
dental image data at a Second rate slower than the first 
rate, 

a computer having a universal Serial bus port that receives 
data; and 

a universal Serial bus cable between said intermediate 
circuit and Said computer, Said universal Serial bus 
cable including a universal Serial bus plug that couples 
with the universal Serial bus port of Said computer, 

wherein the dental image data output by Said intermediate 
circuit are input to Said computer over Said universal 
Serial bus cable and through the universal Serial bus 
port. 

9. A filmleSS dental radiography System according to 
claim 8, wherein Said intermediate circuit includes a pro 
cessing circuit that controls the reading-out of dental image 
data from Said intraoral oral Sensor. 

10. A filmleSS dental radiography System according to 
claim 9, wherein said intermediate circuit further includes a 
memory circuit. 
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11. A filmleSS dental radiography System according to 

claim 10, wherein the processing circuit Stores the dental 
image data read-out of Said intraoral Sensor in the memory 
circuit. 

12. A filmleSS dental radiography System according to 
claim 11, wherein the processing circuit is a Specially 
programmed reduced instruction Set computer. 

13. A filmleSS dental radiography System according to 
claim 12, wherein Said intraoral Sensor comprises a charge 
coupled device. 

14. A filmleSS dental radiography System according to 
claim 12, wherein Said intraoral Sensor comprises an active 
pixel Sensor array. 

15. A filmleSS dental radiography System comprising: 
intraoral means for converting an X-ray Signal represent 

ing a dental image into electrical dental image data; 
means for reading-out the electrical dental image data 

from Said intraoral means at a first rate and outputting 
the electrical dental image data at a Second rate slower 
than the first rate; and 

processing means for processing Said electrical dental 
image data to produce a image Suitable for display, 

wherein Said processing means includes a universal Serial 
bus port that receives the electrical dental image data at 
the Second rate. 

16. A method of providing a dental image, comprising the 
Steps of 

converting an X-ray Signal representing a dental image 
into electrical dental image data; 

reading-out the electrical dental image data at a first rate; 
and 

providing the electrical dental image data to the universal 
Serial bus port of a computer at a Second rate slower 
than the first rate. 


